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MBSHOD FOR CORRBCIIHC DEFECTS dt COLOR PILTSR 



BACKGSOOIilD OF THE IHVKNTIOH 
The prasont invention sfdlates to a nefchod for 
correcting protrudiog dafocts or white or black dafeetB on 
A color filter, which oooue daring a process to maaufactur© 
a color filter for liquid crystal display apparatais. 

Referring to Fig. €, description will be given below 
on an exaB^*!© of a method for ittanufaoturing a oolor filter. 
On a traaaparent substrate 2 sooh as a glass plate, a 
light-shielding layer 8M comprising striped pattern with 
line width of 20 flm, pitch of 80 ^m, and film thickness of 
about 0.5 /i» is formed by aoroen printing. Next, on the 
light-shielding layer, a red colorant sensitive material R 
is coated. Then, a photo mask is placed and light 
exposure is performed. Hext, a green pattern layer and a 
blue pattern layer are formed by the same procedure. Both 
longitudinal aides of each color pattern layer are 
overlapped on the light- shielding layer BM for a length of 
about 10 tin, and the film thickness is about 2 fim. Sext, 
with the purpose of achieving physico-chemical protection, 
and of evenly adjusting and flattening the surface, a 
photo-curing resin is coated on the color pattern layer, 
and a protective film layer OP is formed in film thickness 
of about 2 - 3 ^/m. Further, a film of indium tin oxide 
(ISO) is formed on the protective layer by vacuum film 
forming method, and electrode pattern is fabricated fay mask 
deposition method, etching method, etc., and a transparent 



dlectrede la^r ie £oxined to prepare a eolor filter. 

IB the proeess to nanufasture the color filter as 
deseri^ed above, foreign oib^ect:s ^^a'' such as dust are 
intezmit^led in the ceoatiftg preoess to coat eolox sensitive 
5 material as shown in Fig. £. If these objects remain on 
<tdke TOler pattern layers It, 6 or B or foreign objects sueh 
as dust are attached on the surface of the color pattern 
layer, protruding defects ^^h" nay be foznied on the portions 
eorre^onding to the foreign objects such as dust when the 

10 protective layer OF ie foxned on the color pattern Isy^r, 
Also, when dust is attached on the photomask, white defects 
mq// nay occur on the color pattern layer or black defects 
may be generated on the light-shielding layer BM. Such 
defects may isipair orientation of liquid crystals in liquid 

15 crystal cells, whidb are provided on the surface of the 

color filter, or zoay lead to defects in the iaiages taken or 
displayed, and the products produced using the color filter 
stay become defective. In the past, as described in JP-A- 
3-274504 or JP-A.-9-1B4910 , methods have been pr^osed to 

20 coat a colorant sensitive material after cutting the 

defective portion off and to remove it using the laser beam 
in order to correct the above defects. 

SnMbffiRT OF "SEE TSVSmiOS 
25 However, aeeerd±ng to tine oonvantienal iiiet:liod for 

correcting defects as described above, it is difficult to 
fill ink to corners when the corrective Lak is dropped to 
the t^per surface because almost the entire region of 
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pietusd elament is cut in raotangular ali«pe, and void 
patiesbes or unovenly oolesad portions ace likely to occur. 
Also, the quanti-l^ o£ Vbm eolecant -be be xenovad xb hi.gh«M; 
than the case when only the portion near t}»* defects are 
out off. As a result, colorant aatorials ara splashed to 
the surrounding regions, and these nay cause new defects. 
Further, in case the hue of the corrective ink is different 
by ai^roximately one picture eleaent from the hue o£ 
colorant picture elemeal:, defects are very likely to occur 
due to color difference. As a result, the percentage of 
aoeeptabl© products after correction may be low. 

To solve the above prcd^lems, it is an object of the 
present in\«ntion to provide a siethed for correcting 
defects on a color filter, by which it is possible to 
correct all of protruding defeats, white defects and black 
defects, which are generated in the process to manufacture 
color filter and to extensively isprove the percentage of 
high quality products. 

To attain the above! object, the invention of claim 1 
provides a method for correcting defects on a color filter, 
which ooa^rises the steps of setting a diameter of a laser 
bean in a circular correcting region including defective 
portion, or more preferably^ in a circular correcting 
region eon^rising a circle which circumscribes the 
(tefective portion in order to ensure better permeation of 
liquid and better diffusion, and to prevent uneven coloring 
due to insufficient flow of the liquid when the defective 
portion on the color filter is removed by irradiation of 



the laser beam, dropping a ooceeetlve ink to upper surface 
o£ the oixeular oorrecti&g region by an ink ^et unit so 
that the ink is £oES»d in spherical shape after the 
csircular correcting region has been ron»ved, and hardening 
s and shrinking the corrective ink an ink hardener 
thereafter so that variation of film thickness in the 
eiroular correcting region eui be controlled within 0.1 /im. 

She invention according to claim 2 provides a method 
for correcting defects on a color filter, said method 

10 cooprising the step of setting a disneter of a laser beam 
on a circular correcting region including defective portion 
when the defective portion on the color filter is removed 
by irradiation of the laser beam, and depositing a metal 
film of more than 1000 angstron in thickness by laser CVD 

15 method on the circular correcting region aftes the circular 
oo«ecting region has been removed so that back light can 
be eecqpletely shielded. 

According to the present invention, it is possible to 
easily correct all of protruding defects, white defects and 

20 black defects caused in the process for manufacturing the 
color filter, and also to extensively improve th« 
percentage of high qaalilgr products. Further, according 
to the invention of claim 1, ink can be dropped by 
selecting ink color dcqpending en the defective region by 

2S the ink jet unit, For escanple, in case the correcting 

region is a green pattern layer, a green corrective ink can 
be dr<9ped. As a result, defects on the green pattern 
portion can be easily cerrebted without resulting in uneven 



coloring . 

BRISf DESCRXFTZON OF THE DKANZNGS 
Fig. 1 le a block diagram to e3Q»lain an exanple of a 
5 atetliod for correcting defects on a color filter according 
to the present inventions- 
Fig. 2 is a drawing to eacplain setting of a diameter 
of laser beam in the arrangostent shown in Fig. 1; 

Fig. 3 r«qpreaent« drawings to explain Sxaa^le 1 shown 
10 in Pig. 1; 

Fig. 4 r^resents drawings to es^lain Sxaaple 2 shown 
in Fig. 1; 

Fig. 5 resprasents drawings to explain a co^arative 
eaeaaple shown in Fig. 1,- and 
15 Fig. 6 is an enlarged sectional view to explain a 

defect on a color filter. 

DSTAZLED DESCRIPTION OF SBE FBEFBBRSD EMBODZMSII7S 
Description will be given below on eadaodiaents of the 
20 present invention referring to the drawings. Fig. 1 is a 
bloak diagram to eacplain an example of a method for 
correcting defects on a color filter according to the 
present invention. 

In Fig. 1, a siOastrate 2, which has a color pattern 
25 layer as described above formed on it, is placed en an xvd 
stage (st:bstrate moving stage) 1. lShi.a XXB stage can be 
moved along XS plane and at a tilt angle 0 by a driving 
melanism 3. A defect detecting unit 4 is a deviee for 
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choekiag defoote on a eolo£ filter aa doserlbed above. A 
CCD eaiaera 5 takas an image o£ the substrate 2 via an 
ebji active leas 6, a aemitsaaspiarent mirror 7 and an image 
£ozmiag lens 8. The data of the iaiage thns taken ia sent 
5 to an image processing unit 9/ where the data is binarised 
ifith a preset threshold, and a defeetive portion on the 
substrate 2 is extracted. 3%ie extracted de£ect 
information is displayed on a display 10 for oonfirmation^r 
and it is sent te an arithmetic unit 11. 

10 A laser irradiation unit 12 irrwiiates a laser beam te 

the defective portion detected by the defect detecting unit 
and it Is used te remove substances which are present 
within that region. The laser bean is emitted from a TJV 
laser oscillater 13 (YA® laser) with oui^nt of IS mji or 

15 more (wavelength: 1067 nm) or with output o£ 2 mj or more 
(wavelength; 533.5 nm) ^ and irradiation energy density of 
the laser beam is increased or decreased by a d^isity 
adjuster 14. The diameter of the laser beam is enlarged 
by a diameter enlarger 15, and intensity of tee laser beam 

20 is equaliaedr and it enters aa opening adjuster 17 via a 
mirror 16. She ^ening adjuster 17 is provided with a 
plurality of moving plates around the opening. By moving 
the moving plates using a driving mechanism 16, the 
diameter of the epaning'is adjusted, and the diameter of 

25 the laser beam can be adjusted te the value as desired. 

That is, as shown in Fig. 2, when a defective portion D is 
picdced up on a picture element Z of a CCD camera, a 
diameter ^^t" of the laser beam is set within a circular 



corr«ot4ng raglon M, whioh coopci^es a oxrcsle 
cirerumsexibxng thfi de£«eti,v« pesrbien D, aad li=8 eeatei: is 
used A0 a position jj^forniation o£ the defftc-tlve portilon D. 
The circular correotlng region M be a cd.rcle, which 
5 iaoltideB tb/6 defective portion S. The diaaieter ^^r'' oan be 
changed within the range of 50 to 150 /in. After the 
diaaeter of the laser bea» has been adjusted to a desired 
value by the t^ening adjuster 11, the laser beam is 
protruding to the substrate 2 positioned on the Xid stage 

3.0 1 via a mirror 19, an image forming lens 20, the 
semitransparent mirror 7 and the objective lene 6. 

A defect correcting unit 21 is a device to place and 
fill a pattern layer into a portion, from where the 
substances have been removed by the laser irradiating unit 

15 12, and it is provided with an ink discharge unit 22^ a 

driving circuit 23 for driving the ink discharge unit and 
an ink hardener 24. As the ink discharge unit 22, a 
dispenser or an ink jet device may be used. As the method 
for discharging from the dispenser, a continuous discharge 

20 method for continuously discharging the ink or an 
intermittent dis«^»arge method for intermittently 
discharging the ink after ink drops are prepared ma? be 
used. As the ink jet unit, there are two t^es: 
continuous type and on-demand type. The forster is to 

25 spply an electric field while ink is continuously injected,, 
and ink is collected on a capture dish so that iiik is not 
coated on the substrate of the color filter. According to 
the latter, the color filter substrate is moved, and ink 
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discharge is turned on or off, d^anding on the position of 
the substrate . As the ink disohazge unit 22 as desocibed 
above, it Is preferable to use an ink jiet unit. Othes 
xt^thods are that eorreotive isUcs aan also be dr<^ed 1^ 
laser themo-fusible transfer method, needle painting 
method^ and so on. In the followii^, (tesoription will be 
given by taking an wtaemple on the ink jet xmit. 

She ink jet unit 22 is a devioe to drop eorreotive ink 
in four colors of red, green, blue and black. The 
eorreotive ink is preferably an ink nade of themo-ouring 
resin or W~ouzing resin with higher surface tension. The 
Ink hardener 24 cen^rises a heating block or a UV~ 
irradiation spot light source. It is designed in suoh 
manner that the ink jet unit 22 and the ink hardener 24 can 
be zaoved toward the substrate 2 by a lift Bteahanisn (not 
shown} . 

The arithmetio unit 11 transmits an inf oasatien ^ which 
indicates shape of the defective portion and its position 
to the driving mechanism IS, and drives the opening 
adjuster 17 to change the diameter of the laser beam. At 
the same time, it drives the XX 9 stage 1 and determines 
irradiating position of the laser beam. Also, it 
transmits signals to the DV laser osoillater IS and the 
density adjuster 14 and controls irradiation time, number 
or times of irradiation, and irradiation energy densltsr. 
Signals of ink oolor and ink drop quantity are sent to the 
driving circuit 23, and the ink jet unit 22 is controlled. 

Next, description will be given on Exaiqples 1 and 2 



and Gonpasative axaaeple of this onbodimant. Firsts 
Example 1 will be deseribed xe£&xT±ng to Fig. 3. 

Fig. 3 {ik) shows a condition wbaxe the oircnlar 
corzeeting region M including the dB£aetivB portion of a 
5 green pattern layer O is saraoved by the laser beam. Zn 
this axaxople, line width of a light- shielding lagrer SH is 
20 fim, BM spaaing is 80 /Im, film thickness of a colored 
layer mSB is 1.4 jUm, aiwi dianetar of the circular 
correcting region M is 55 fim. XText, green correotlTre ink 
3.0 6' is dropped to the ciroular correcting region M by the 
ink i&t unit 22 as shown in Fig. 3 (B) . As the green 
corrective ink S' , ^lermo-curing resin or UV-ouring resin 
is used» 

• rShQ following materials were used as the thermo-curing 
IS resin : 

Binder resin: Copolymer of benzyl nethacrylate and 

glyci<^l nethacrylate 
Maltifttnctional epoa^ resin: 

Cresol novolak type epoxy resin 
20 Polyvalent casdboxylic aoid: Trinellitic acid 

Solvent: Propylene glycol raonomethylether 

aoetate 

G pigment: CZ.No. Pigsient Green 3€ 

Y pigment: C.I. No. Pigment Yellow 150 
25 Disperaanti Sol;i^rs6 24000 (manufactured by 

Avicia) 

# A pigment dispersion eea^osition having the following 
cod^onents was used as DV-curing resin: 
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Binder resin t Copolymor of methacrylie acid and 

bansyl stethaorylate 
Maltifunetional monaner: 

!Cxinet^lolpxopaBe tri&oxyiate 
Photqpe2.YXUiriBati.on initiatoz: 

Zzgaeare 907 (mantifBctured by Ciba 

i^oiallqr CbamieaXs) 
Solvent: Sthoxyethyl propionate 

6 pigment: c.l.Ko. Pigment Green 36 
Y pigment: C.I. No. Pigment Yeliow ISO 

Dispersant: Solsperse 24000 (manufactured by 

Avicia) 

Disaharge quantity (volume) of this ink was 4 drops at 
the rate of 20 Pl/drop. That is, ink drops of 80 PI were 
dropped so that the ink is formed in spherical shape on 
upper surface of the ciroular eorreoting region (Pig. 3 
(B)). Finally, when the corrective ink was hardened 
using the ink hardener 24, tdie oorceetive ink G' was shrunk 
as shown in Pig. 3 {C> , and the circular eorreoting region 
M was filled and corrected to be flush. "iShtts, it is 
possible to equalise variation in film thickness to 0.1 ^/m, 
and unevenness of eelor can also be corrected almost to the 
level suitable for praetieal use. 

In case of thezmo-ouring resin, when the corrective 
ink G' is hardened, baking was performed at 220^; for 10 
minutes on the heating block. By this beating, the 
spherieally swollen fozm of ink hy 5 tfm higher than the 
upper surface of Oie surrounding portion after ink droj^ing 
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was zeduaed to a £ozm of a oonoave lens by 0.05 //a lowee 
Uaan t^e upper Bur£ae« o£ tbo surrotsndiiig porti.«A. Za 
case of tJV-oariBg resin, ultraviolet ray was irradiated by 
spot irradiatiofi of 1000 mj/em^, and b^iag i»s performed 
& at 200% for 30 minutes on tbe heating blook. By this 
beating, the sphecioally swollen fern of ink by 5 /im 
higber than the upper surface of the surrounding portion 
was turned to a form of a convese lens wbidh was by 0.09 jUra 
higher than the tq^r aurfaae of the surroundiztg portion. 

10 Next, Exazople 2 will be described referring to Fig. 4. 

Fig. 4 {A) shows a red pattern laa^r R. h protruding 
defective portion is ' preseuit where the size of picture 
element is 100 x 300 ftn, and film thickness is 1 ftM. Fig. 
4 (B) shows a condition where the circular correcting 

IS region M including the defootive portion D is removed by 
the laser beam. Diameter of the circular correcting 
region H is 60 /Um. Next, red corrective ink H' is dropped 
to the circular correcting region H by the ink jet unit 22 
as shown in Fig. 4 (C) . As the red corrective ink R' , 

20 thermo-euring resin is used. 

# The following sUbstanoea were used as the thermo-* 
curing resin: 

Binder resin: C^olymer of benzyl methacrylate and 

glyoidyl methacrylate 
25 Holtifunotioxial epoxy resin: 

Cresol novolak type epoxy resin 
Polyvalent carboa^flio aoid: 

7riaellitio acid 
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Solvent.: Propylene glycol inonaineth3rlet:hec 

acetate 

R pigatent: C.X.Mo. PigaMnt Red 254 

Y pigment: C.I. No. Pigment Yellow 139 
Pi^rsaat: Solaperso 24000 (manufaotoired hy 
Avioia) 

DiBdharge quantity (▼olinae} of this ink was 4 dsopB at 
the rate of 20 PX/drop. That is, ink drops of 80 PX were 
droned, and the ink was turned to a epherioally swollen 
fosa by 5 /^a higher than the -iqpper Giisxfaee o£ •Uae eirottlas 
correcting region M (Fig. 4 (C)) . Finally, baking was 
performed at 220'te for 10 niautes on the heating block. Sy 
this heating, a spherically swollen portion by 5 //n higher 
than the isppar surface of the surrounding portion formed 
after dropping of the ink was turned to a form of a ee&oave 
lens by 0.9 lower than the u^er surface of the 
surrounding portion {Fig. 4 (D)). Because the corrective 
ink having the sane hue as the red pattern layer R was 
filled, there was almost no difference of color on the 
corrected portion. 

Next, the oooparative exaaple will be described 
referring to Fig. 5. Xn the same manner as in Bxainple 2 
shown in Fig. 4 {X) , correction was carried out on the red 
pattern layer R where a protruding defective portion D was 
present with sise of the picture element 100 x 300 |im and 
film thickness of 1 ^m. As shown in Fig. 5 (A) , a mask 
with rectangular ^ening was placed, and a correcting 
region M' including the defective portion D was removed by 



12 



the laser beam. HhA sise of the portion to be rmoved was 
100 X 300 /£m, and this a^xoxinately corxesponded U> one 
pisture alaaent. Next:, to the oorreefcln? region M' e£ the 
portion to be removed, a red corrective ink R' i«bi.ch was 
5 the same coxxeetive ink as in Exaiqple 2 was droj^ed by the 
same prooedure as in Exanple 2 . As shown in Fig . 5 (B) , a 
portion net £illed with ink <ink-lacdcing portion) X was 
gmerated at each of four corners o£ the rectangular 
correcting region M' * Next, when baking was carried out 

10 by the saae procedure as in Exsm^le 2, a void portion C or 
unevenly colored portion C due to instifficient film 
thickness was found as shown in Fig. 5 (C) . 

Next, description will be given on another embodinent 
of Uie present invention. In the above abodiaent, the 

15 defect correcting unit 21 comprises an ink jet unit 22, a 
driving circuit 23, and an ink hardener 24. Zn the 
present «nbodiiaent, however, instead of the defect 
correcting unit, a dev;Lee based en the laser CVD method is 
used, and a awtal film of light- shielding film BK, which 

20 has ebromium or tungsten as the main eoa^nents such ae 
Cr(CO)«, W{CO);, is deposited by vacuum evaporation in 
thickness of 1000 angstrom or more. According to this 
method, similarly to the case of the defeat correcting unit 
21, the s\3bstances in 1^ circular correcting region M 

25 detected by the information transmitted frm the arithmetic 
unit 11 are sreraoved, and the metal film of the light- 
shielding film BM is deposited on the circular correcting 
region U. ivs a result, back light can be completely 
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shielded. Even when the circuiax correcting region is a 
color pattern layer, the aetal film of tha light-shielding 
film BM is deposited. Ho problem eoours in the produced 
color filter, and not only black defects but also 
protruding defects or whit© defects on the color pattern 
layer can be corrected. When the device based on the 
laser CVI> method is used, the thickness of the metal film 
to be deposited can be adjjusted, and it is possible to form 
a color pattern layer with no variation in film thickness. 
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WHAT IS CUOMBO IS: 

1. ^ method £or eorxeetiing de£aote on a eolor fillMx^ 
Gonprlsing the ateps of set:%ing a dLLaaeter of a lasar beam 
en a cirenil&r oorzeetia? region inclnding a dafectiv« 

s portion when the defeotlve portion of a color filter is 
removed by irradiation of the laser beam, dropping a 
eorrective ink to iqpper surface of the circular correcting 
region Iby «m ink jet unit after the circular correcting 
region has been renevad,. and hardening and shrinking the 
10 corrective ink by an ink hardener thereafter. 

2. A method for correcting defects on a color filter ^ 
ccoiprlsing tiie steps of setting a diameter of a laser beam 
on a circular correcting region including a defective 
portion when the defective portion of a color filter is 

15 removed 1^ irradiation of the laser beut, and depositing a 
aetal film by laser CVD method to the circular correcting 
region after th& circular correcting region has been 
removed , 

3. A method for correcting defects on a color filter 
20 according to claim 2, wherein the metal film to be 

deposited by the laser CVD xaethod contains chromium or 
tungsten as main con^nents. 

4. A me'tiiod for correcting defects on a color filter 
according to claim 2 or 3, wherein the defective portion to 

25 be removed by irradiation of the laser beam is a black 
defect. 
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Express Mo:\ ^£I4?5'F3^"^1 



ABSTRACT OF THS OZS^tOStnOS 
The present i.ttventlQn provides a method for coneotlng 
defects on a color flltez with the puxpose of oorreating 
defects caused in a process to manufactuse the color filter 
and of extensively- djopreviag tSxe pereentage of high quality 
products, and the method ccaqprises the steps of setting a 
diaiaeter of a laser beam on a circular correcting region M 
when the defeats on the color filter are rowved 
irsadiation o£ the laser beam, dropping a corrective ink G' 
to lapper aurfaoe of the circular correcting region by an 
ink jet unit after the circular correcting region has been 
removed, and hardening and shrinking the corrective ink by 
an ink hardener thereafter. 
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FIG. 2 
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